Nano-carbon fillers offer enhanced thermal and mechanical properties to biodegradable polymer matrices. In this work, we study extruded nano-graphite platelet (NGP) loaded polylactide (PLA) using thermal, mechanical, and microstructural analysis techniques.
INTRODUCTION
Polymer-based composites began in the 1960s as a new concept for advanced materials. By dispersing strong and stiff fibres within polymer matrices, composite materials offering significant structural benefits with respect to weight loss reduction, durability, and mechanical performance were developed. The enhanced performance of polymer composites is a result of interfacial bond chemistry as well as the degree of nano-additive dispersion and the resultant morphology.
Early in 1990s, an important discovery which promised to revolutionize the field of nano-material science was made in the form of carbon-based nano-fillers. Addition of minute quantities of carbon nano-tubes (CNTs) or carbon nano-fibres (CNFs) to polymer resins promised polymer nano-composites with enhanced thermal, mechanical, and electrical performance. Significant advantages from nano-carbon dispersion were determined when dispersed in the polymer matrix. However, when dispersed in the polymer matrix through viable mixing techniques (e.g., melt blending and solvent casting), these carbon-based nano-fillers are likely to exhibit strong van der Waals' interaction. This results in agglomeration, and therefore, inhomogeneous composites
Recently, a new breed of cost-effective carbon based nano-dimensional materials named as nano-graphite platelets (NGP) has emerged. They promise to eliminate the problems associated with nano-clays, CNTs, or CNFs while offering potentially enhanced performance as well as being a low cost alternative [4] [5] [6] . The potential applications of graphene-polymer composites include single molecule gas detection, transparent conducting electrodes, and energy storage devices such as supercapacitors and lithium ion batteries [7] . Moreover, the highest thermal conductivity reported in literature so far belongs to nano-graphene materials (six times higher than copper). In terms of electrical and mechanical properties they are similar to copper and fifty times stronger than steel while having one fourth density of copper [5, 6, 8] . This work explores the influence of such nano-graphitic fillers in composites, and the degree of property enhancement and degradation as a function of loading.
Polylactide (PLA) is a thermoplastic biodegradable polyester. This polymer is currently receiving considerable attention for conventional uses, due to its valuable qualities such as biodegradability, production from renewable resources and its numerous functions including packaging materials, production of fibres and composites for technical applications [9, 10] .
PLA is a rigid thermoplastic biodegradable polymer that can be semi-crystalline, crystalline, or totally amorphous, depending on the stereo purity of the polymer backbone. PLA is a unique polymer that in many ways behaves like polyethylene terephthalate, but also performs a lot like polypropylene; a polyolefin. Ultimately, it can potentially be utilised in the broadest range of applications because of its ability to be stress crystallised, thermally crystallised, impact modified, filled, copolymerised, and processed in most polymer processing equipment [11] . Nevertheless, the application of PLA in engineering devices such as solar panels and in mechanical and automotive parts requires enhancements in its properties via combining this polyester matrix with different dispersed phases such as nanofillers, plasticisers, impact modifiers, and flameretardants [12, 13] .
MATERIALS AND METHODS
For this study, PLA composites with NGP fillers were prepared via melt intercalation X-ray diffraction (XRD) was carried out using a Rigaku wide angle X-ray instrument at wavelength of 0.154 nm in 2θ range of 10-80° was utilised. Micro-Raman characterization (Renishaw InVia spectrometer) was performed with 633 nm wavelength at a laser power of 1.7 mW and with 3 accumulations for 20 s exposures [14] .
RESULTS AND DISCUSSION
The MDSC analysis was used to determine the glass transition temperature, To understand the role of NGP loading on the thermal and mechanical properties, a microstructural investigation of the pure and NGP-loaded PLA composites was undertaken.
X-ray diffraction (XRD) analysis was carried out to determine the crystallographic properties of the composites. The diffractograms (shown with offsets in Fig. 3 ) were recorded for the samples at ambient condition and show a scattered intensity distribution with a broad maximum around 2θ of ~16.5 o suggesting a semi-crystalline structure of PLA. The diffractograms also have a peak at 2θ of ~26 o corresponding to the (002) graphitic carbon structure. The peak position for the (002) carbon occurs at the same position in all composites, suggesting that the melt-blending process did not separate the graphite layers, with the majority of them still present in aggregate structure. An increasing intensity for this graphitic peak is also apparent. However, the peak corresponding to the semi-crystalline PLA at ~16.5 o varies in intensity with the increased NGP loading.
The normalised intensity for the ~16. The spectra for NGP-doped PLA show peaks at ~1580 cm -1 which corresponds to the G peak in crystalline graphite [17] . As the doping levels increase, the peak at 1580 cm -1 increases in intensity, while the intensity of the PLA peak at 872 cm -1 rapidly decreases as expected. A broad band at ~1335 cm -1 emerges at higher doping concentrations of NGP, and this corresponds to the D peak related to defected graphite [17] . 
CONCLUSIONS
In summary, we present an investigation of NGP-loaded polylactide polymer composites. The inclusion of nano-graphite platelets is favoured for increased thermal, mechanical, and electrical properties of polymers such as the biodegradable polylactide.
We have determined that a 1-5 wt% loading concentration of NGP can lead to increased crystallinity in the polymer matrix and provide improved thermal and mechanical characteristics. Further loading tends to degrade crystalline properties of the polymer matrix, with the inclusion of defective carbon agglomerates and tactoids. Fig. 1 Thermal properties of pure and NGP-loaded PLA samples as determined by modulated differential scanning calorimetry. 
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